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ABSTRACT

This report describes an improved version of a low
frequency polarimeter which is used in conjunction with the
low frequency sweep studies at the Ionosphere Research
Laboratory. The purpose of this equipment is to resolve
signals received from horizontal cross polarized dipoles into
signals which are proportional to the sum and difference of
the ordinary and the extraordinary magneto-ionic components
over the frequency range of 80 to 1200 k¢, In the construc-
tion of this equipment much emphasis has been placed on
sensitivity, stability, elimination of spurious coupling
between channels, and the ease of routine calibration and

adjustment,
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1. Introduction

During the past two years, in the course of routine
low frequency ionosonde soundings at the Ionosphere Research
Laboratory, it was noted that there fregquently occur, as a
function of frequency, systematic reversals in the sense of
rotation of the polarization of the downcoming echoes, Thesse
have been most frequently observed during the night in the

frequency range of 300 to 700 kc.(l)

Inasmuch as the polar-
ization of the echoes is fairly sensitive to the fine
structure of the E region, a study of these polarisation
reversals offers a powerful tool for the investigation of
electron profile irregularities in the E region. Some
theoretical studies along these lines have already been
carried out and were r;ported in the literature.(z's)

These earlier investigations have been seriously
hampered by frequent mal-functioning of the experimental
equipment., These caused large gaps in the continuity of
the experimental data, and also made the interpretation of
the data more difficult. Inasmuch as the data already ob-
tained have convincingly demonstrated the fruitfulness of
this approach, it was decided that certain parts of this
equipment should be redeasigned and rebuilt to improve the
quality of future records.

This report describes the new polarisation receiver
which is the first unit that has been completed. Revisions

of the transmitter and the programming units are now under
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construction and will be described in a later report,

2. Bxperimental Procedure for Obtaining LF Polarization

Data

To facilitate the description of the receiver it will
be helpful to summarise the experimental procedure used in
securing the polarisation data. This will define certain
criteria and specifications for the receiver apd other exper-
imental equipment,

A 100 kv broadband pulse transmitter sounds the ionos-
phere 60 times per second with 150 psec pulses. The carrier
frequency of the pulses is progressively varied from 80 to
1200 ke over a period of about two minutes. This cycle is
repeated once every 15 minutes. The operation is usually
confined to the nighttime hours because of excessively high
D region absorption during the daytime hours.

The transmitting antenna consists of a horisontal
dipole about 240 ft. above the ground and orientated in a
magnetic northesouth direction. The receiving antenna
consists of two orthogonal horilont:i dipoles. The physical
separation between the transmitting and the receiving sites
is about 2000 f¢t,

The carrier frequency for the transmitter is derived
by mixing a 3 mc orystal oscillator signal with a variadle
frequency signal of 3.08 to 4.2 me. This variadble frequency
signal is also transmitted through s coaxial line to the

receiver. 8ince the front end of the receiver is broadband
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and the IF frequency is 3 mc, this simple scheme automatically
and precisely tunes the receiver to the transmitter frequency.

The polarization receiver accepts the signals received
from the two horizontal cross polarized receiving antennas
and processes them in such a manner as to make available out-
put voltages proportional to the following quantities:

a, field strength of the ordinary component

be field strength of the extraordinary component

¢, the difference between the two detected components

d., +the sum of the two detected components

In normal operation this difference between the ordinary
and the extraordinary component is used as the z-.axis modula-
tion for a continuous film scope camera recording. BEach cycle
of operation, which lasts about two minutes, uses up about
two inches of film., I the film is held sideways the "x*
axis represents the signal frequency and the y axis represents
the virtual height of reflection. The s-axis modulation is
80 adjusted that the ambient noise level produces gray back-
ground on the film and the downcoming echoes cause it to turn
either black or white depending on the sense of rotation.
Height and frequency markers are inserted automatically by

supplementary equipment.

3. Description of the Receiver

The brief outline of the experimental procedure prs-

sented in the previous section forms the basis for receiver

&%
%
&
|

specifications. Basically the polarisation receiver must
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consist of two identical channels where signals from the
two crossepolarised antennas are added and subtracted after
undergoing a relative phase change of 90°. The amplified
difference of the demodulated outputs of‘tho two channels
forms the required s-axis modulation signal,

The bdlock diagram of the polarisation receiver is
shown in Pig. 1. The two signals from cross-polarised
antenna are fed into a broadband RF amplifier whose fre-
quency response is determined by an M-derived low pass
filter with a cut-off frequency of 2,0 mc. The RF signals
are then heterodyned with the variable fresquency oscillator
signal cabled from the transmitter. The 3 mc mixer output
is first phase shifted to provide the relative phase change
of 90°.thon amplified and passed through a phase splitting
network to provide two out of phase outputs, At this point
the two channels are cross-connected to effect addition and
subtraction of the two signals and thus reconstruct the two
circularly polarised components with opposite sense of
rotation,

These two polarisation components are next passed
through a 3 mc IF amplifier and the detected outputs arse
then subtiracted and added in video amplifiers which furnish
the desired s-axis modulation,

Physically the receiver consists of two chassiss the
receiver chassis shown in Pig. 2 and the regulated power

supply shown in Pig. 13. Referring to Figure 2 it is seen
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that the receiver chassis consists of seven modules. These
aret 2 RF amplifiers (each side off center), 2 mixers (top
right and bottom left), 2 IF amplifiers (top left and bottonm
right) and the video amplifier module (center), Each of

these units will now be described in more detail.

3.1 RF Amplifier Module

Th? RF amplifier module, (Figures 3 and L) houses the
RF amplifier and the low pass filter. The RF amplifier
consists of a 6DJB twin triode amplifier operated push pull,
class ‘1' The effective shunt impedance of the amplifier
matches the low pass filter. The low pass filter consists
of two m derived terminating half-sections, (m=,6) joined
with two r sections, The cut off frequency is 2.0 mc and
the nominal terminating impedance is 2500 ohms, The filter
is flat up to about 1300 ke and the overall voltage gain of
the RF amplifier, as measured at the far end of the low pass
filter, is about 10.

After the receiver was placed into service it was
found that the very strong transmitter pulses were causing
partial blocking; in spite of short time constants designed
into the equipment. This problem was solved by shunting the
input into the RF filters by IN3LA germaniwm diodes. At low
and moderate signal levels, up to tens of milivolts, the
diodes offer very high impedance and for all practical
piurroses are not in the circuit, The shunting action of

the diouvdes st high signal levels reduced the transmitter

R e AR R s o TR A LS
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b. BOTTOM

RF AMPLIFIER MODULE
FIGURE 4
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ground pulse freom aboui 70 volts peak-to-peak at the output
of the filter to less than 2 volts.,

3.2 Mixer Module

The mixer module is comprised of the balanced mixer,
phase shifter, amplifier, and a phase splitting network,
The schematic of these units and a photograph of the module
are shown in Figures S, 6 and 7. The balanced mixer consists
of a 12AX7, the plates of which are choke-condenser coupled
into a 3 mc tank circuit. The condenser division of the
output provides a low impedance balanced output for the phase
shifting network which in turn is coupled into a 12AX7
amplifier. The phase splitting network, which consists of
a bifilarly wound toroid transformer, provides low impedance

balanced output for subseguent addition and subtraction.

3.3 1IF Module

The IF module which contains the adder, the 3 mc IF
amplifier and the detector are shown in Figures 8 and 9.
The adder network consists of a twin triode 12AX7 where
both plates are connected in parallel to a 3 mc tank circuit,
As stated earlier the purpose of the adder network is to
cross connect the 90° phase shifted signals from the two
antennas and thus resolve them into two circularly polarised
signals of opposite sense of rotation. The 3 mc/s IF strip
serves to amplify and shape the band pass characterisitcs of

the receiver. In normal operation the bandwidth is about
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b. BOTTOM

IF MODULE
FIGURE 9
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¢12 k¢ and the sensitivity is about 1 uV. The bandwidth
may be adjusted by varying the amount of capacitive

coupling between the IF stages. The detected signals of
either polarity are available at the output of the IF strip.
A capacitive divider to a banana jack at the last IF stage

is used for tuning and monitoring purposes.

3.4 Video Module

The video module houses two identical video amplifiers
and the variable frequency oscillator preamplifier (Figures
10 and 11). The VFO preamplifier raises the level of the
injection signal received from the transmitter site to about
10 volts peak to peak as required for pronper operation of the
mixer. The video amplifier consists of a one stage dc-
amplifier cathode-follower combination which provides video
signals required for z-axis modulation. OUne channel is used
for the "difference® where the input of opposite polarities
is combined and the other channel is the "sum® channel which
i3 used as an auxiliary channel to differentiate between

fade-outs and linearly polarized signals.

3.5 Power Supply

Bach module has a separate power connection to
facilitate servicing. The voltages supplied are 6.3 V ac for
filaments, -108V negative for biasing and +250V. Both -108V
and 250V are regulated voltages. The detailed circuitry and
a photogréph of the power supply are shown in Figures 12 and
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VFO PREAMPLIFIER

VIDEO AMPLIFIER MODULE
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13, The design is of standard feed back type. Either a

SUL4 rectifier or solid state diodes may be used inter-

changebly.

L. Calibration and Alignment Procedures

The calibration and alignment procedures, which are

described below, are based on our experience and should

prove helpful to anyone who may be faced with the problem

of maintenance of this equipment, Inasmuch as the normal

operation involves a number of interconnections between the

various modules, no adjustments should be attempted without

proper equipment and a good understanding of the block

diagram of Figure 1. For initial alignment the following

equipment should be available,

1.

3
.
5.

A balanced output signal generator 80 kec to
3000 ke, If balanced output is not available
a balun made out of a toroidal transformer may
be used,

A signal generator 3000 to L4200 ke with a
minimum output of 1 volt,

A step attenuator with at least 60 db range.

A digital frequency counter,

A dual channel scope, d¢ to 3 mec,

L.1 Alignment of the RF Module

In the alignment of the RF module it is best to first

tune up the low pass filter and then select 6DJ8 triocdes in
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which both halves ¢l which are well matched. Both RF

modules should be worked on at the same time so that point

by point comparison will assure as nearly identical per-

formance in both channels as possible, The following

procedure will be found useful.,

B SR 57 3

a.

b.

d.

AR L D B RIS ML RACIIR G e

remove the RF modules from the receiver.

ground the auxiliarv filter terminating resistors
which will be found ungrounded at the output
terminals of the filter.

referring to the schematic in Figure 3, open the
connections between the 114 and the 380 uh coils,
ground the input, the output, and the junction

of the two 380 ph coils and thus form two sets of
parallel resonant circuits; 114 ph-34 ppf with
resonant frequency of 2,55 mc and 380 ph-53 puf
with the resonant freguency of 1,12 mec. Using a
100 k series resistor peak each of these parallel
resonant circuits on both modules making allowe
ances for the scope probe. (With a 14 ppf probe
the two frequencies are lowered to 2.12 and 1.00
mc; respectively). ‘

after completing the above adjustments; check the
6DJ8 triodes for symmetry and run the frequency
response of grid input voltage vs filter output
voltage. If properly adjusted, the phase and

amplitude response of each section of the two
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filters will be identical up to at least 1300 ke
and the amplitude response will remain flat within
one db., The overall amplitude gain will be about
10,

L.2 Alignment of the IF Module

To align the IF module connect the 3 mc signal generator
to three places: external syne on the scope, counter, and
step attenuator. Adiust the output level so that both the
scope sync and the counter operate satisfactorily. Connect
the output of the step attenuator to the two IF modules in
parallel and insert the two scope probes of the dual channel
scope into the banana jack test points of the last IF stage.
Adjust the step attenuator so that the signal output level
into the scope is no more than 5 volts peak to peak and
adjust the input adder pots so that the output level is the
same with the input connected to either side of the adder.

For an initial adjustment, set the IF gains wide
open, adjust the first three coupling condensers for
minimum coupling, and the last one for maximum, and peak
each stage to 3 mc. Note that since there are two coupled
transformers per stage, the peak which is sought is the
maximun peak which may be obtained by going back and forth
between the two transformers. After the initial tuning has
been completed, adjust the IF gain of the higher gain module
g0 that the de output of the two modules at the center of

the band pass are equal. Because of slight differences in
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circuit components, it will be found that this adjustment
will give rise to slightly different amplitudes at the
banana jack test points. It will, therefore, be necessary
to adjust the gain of one scope channel so that the apparent
amplitude of the two channels are equal.

If all of the adjustments have been made properly,
it will be found that the 3 mc sine wave output from the two
channels will coincide over the entire band pass. If the
two signals do not coincide, slight adjustments in coupling
or tuning and gain will bring the two channels into coinci-
dence. This last step is very much a "cut and try" process
and it was found that slight adjustment of only the first
or the second stage was sufficient to obtain satisfactory

results,

L.3 Alignment of the Mixer Module

With the IF strips properly aligned the adjustiment of
the mixer module iz relatively simple., Connect each mixer
module to an IF strip and connect the two scope probes to
the banana jacks on the IF strip. Feeding a balanced 3 me
signal into each mixer module, peak the two IF cans and, if
necessary, make slight adjustments so that the two signals
will track in the pass band. For this preliminary adjustment
turn the balancing potentiometer to half range, the phase
adjustment potentiometer fully clockwise and gain potentio-
meter to wide open, Using the gain and phase potentiometers

adjust the two modules for equal signal level and a 4s° phase
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displacement. If previous adjustments have been properly
made, it will be found that equal amplitude and the u5°

phase displacement will persist all across the pass band,

boliti Final Adjustments on the Receiver

With the individual modules adjusted as described
above, connect the receiver as shown in Figures 1 and 2,
leaving out, for the moment, the cross connections between
the mixer and the IF modules, and the connections from IF
modules to the video amplifier, With the local oscillator
set slightly above 3 mc {(about 3,05 me) adjust the balance
potentiometers in the cathodes of the 12AX7's in the mixer
modules for the minimum dc output from the IF strip. This
should be very nearly at the mid range of the potentiometer,

Next insert a 300 kc balanced signal into the RF modules
(use parallel connection) and insert the scope probes into
the banana jacks on the IF strips, With the local oscillator
set at 3.3 me, adjust the level of the 300 kc signal so that
the scope input is less than 5 volts. Using one of the
channels for %external sync® on the scope the 3 mc signals
which are observed should be of equal amplitude and displaced
45° in phase. A slight adjustment in amplitude may be
required to compensate for a posaible difference in the gain
of the RF modules., This should be taken care of by adjusting
the gain of the mixer module, of which the gain has been
turned down in the c ourse of the preceding adjustment. Any

serious discrepancy in amplitude oy h5° phase shift would
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indicate a malfunction or a misalignment of some stage and
should be investigated.

To complete the check out, the above procedure should
be repeated at several frequencies between 100 and 1000 ke,
In each case, equal amplitudes and a 45° phase shift should
be observed in the pass band.

To facilitate the final check a special signal genera-
tor has been constructed the output of which consists of two
equal 90o phase displaced balanced RF signals, the correct
local oscillator frequency and an auxiliary 3 mc "external
sync" signal. If this generator is used it will be
observed that, upon completing the cross connections between
the mixer and the IF modules, the signal level in one channel
will double and that in the other will drop to zero. Upon
changing the sense of the 90° phase shift at the signal, (by
flipping reversing switches) the output levels of the two
IF modules are reversed. The final adjustment is completed
by connecting the video amplifier and adjusting the output
level for proper modulation of the light intensity on the

face of the recording scope.

5. Remarks Regarding the Present Receiver

In the course of development of experimental equipment,
it is usually found that if the job were done again, certain
changes would be incorporated, The present equipment is no
exception and for the benefit of those who may wish to dupli-

cate this squipment a few suggestions are hereby made,
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The RF module works very well, but its gain is only
about 10, It may, therefore, be useful, especially in the
area vhere atmospheric noise is low, to terminate the filter
in another RF stage and not in the mixer. If this is done,
a gain and balancing potentiometer should be incorporated
to make the modules less dependent on tube characteristics.

In the construction of the mixer module, attempts were
made to use commercially available parts., Since it was not
possible to obtain commercially, a well-balanced split wind-
ing 3 mec IF transformer with low impedance output, capacitive
division was used. It is felt that better performance would
have been obtained if “"home made™ 3 mc transformers were
built using suitable ferrite toroids. It also would have
been easier to obtain a lower impedance output and thus make
the phase adiustment more nearly independent of amplitude,
The loss of gain by going into a lower impedance could have
been made up by utiligzation of a pentode-triode tube such as
6AZ8 instead of the 12AX7.

The IF module is found to work very well. One possible
improvement might be to utilisze a cathode follower in the
dece output circuit to lower its impedance. Also, the test
point output of the IF signal has bdeen found very useful,
but somewhat inconvenient to use because of its relatively
low level and high impedance. It is recommended that a high
level low impedance IF output be made available,

The video amplifiers worked out very satisfactorily,
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The dc amplifier feature greatly facilitates receiver
adjustments. No additional recommendations regarding this
unit can be made since the specifications for the video
amplifier must be tailored to the requirements of the
recording system. The present system is capable of pro-
viding %20 volt linear output into a moderately high impe-

dance on the order of 5000 ohms.
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